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INTROI)IJCTION

Till, I'PROIBILEM

There exists a great variety of electro-optical (E-U) imaging
systems adaptable to airborne target acquisition applications. Most
of tile more sophisticated devices, notably the state-of-the-art forward-
looking infrared (FLiR), were developed specifically for that purpose.
Greatly increasing costs paralleled the rather rapid development of
these extremely complex systems. These high costs, along with the keen
competition that exists iii this field, have necessitated the develop-
menit and widespread use of a :iet of c.om])rehenllni\ z, powerfully descrip-
tive evaluation parameters and test procedures.1 Modulation transfer
tuaction (MTF) , miniImtfm resolvable temperature (MRT) , and signal trans-
fer function (SiTF) are a few of the mere commonly used parameters.
With these evaluat ion t ools, the prospective buyer can compare similar
systems for performance versus cost optimization. However, this capa-
bility does noi. yet provide fk r predictable, task-oependent operator
performance relatable to systeta cost.

During the late 1960s, a great deal of c ffort was put into
increasing equipment performance and reliability. Lately, however,
there has been a trend to place a greater emphasis on cost reduction,

perhaps even at the sacrifice of performance. Therefore, it becomes
extremely important that equipment performance, measured by MTF, MRT,
SiTF, etc., be transformable into predictable levels of operator
performance for specific taskS; i.e., target acquisition in a particu-
lar environment. Opt-imum operator performance is, after all, exactly
what the prospective buyer needs at minimum cost. Unfor.tunately, the
task-dependent relationships that exist between operater performance
and equipment perforuaice--aid, hence, between operator performance and
system cost--are not. known.

This is the firsL experiment in a series intended to provide these
required relationships in the basic area of electro-optically enhanced
airborne target acquisition, primarily recognition and identification.
it is expected that, whea the planned series of investigations are
completed, the data ,ill be at hand to determine these relationsnips
for a comprehensive set of equipment evaluation parameters. Then, and
only then, will the E-0 system user be able to confidently select equip-
ment optimized for his application at the lowest possible cost.

f Itjl itwe tol l)eiele Ana|lysis. -A (uide for the Preparation of Specifications for Real-Timne
I liermnla imnagitng ed•t'. ed I by L. M. Bibermaji. Arlington. Va., IDA, January 1971. (Paper P-676,
publication UNIL ASSt"II:I)D.)

3 - -- -----
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BACKGROUND

A complete description of imagery produced by typical E-0 systems
involtves a set of parameters related to the rasi-er sampling process,
a set related to resolving capabilities in a direction along the displayed
scan lines, and some parameters not related to basic resolving capabili-
ties in either direction. Investigators In the past have mostly adhered
to these divisions in their choices of independent variables, Variables
related to the sampling process would include the number of scan lines
across a targOt, scan line orientation, and scan lii L! widith. These
variables have usually been itiivesigated Iin combination with sucii param-
eters as targetL-tLo-b ackground contrast, target image s;Ize-, and signal-
to-noise ratlo,2- 5 A report by Fowler 6 describes an experimfenlt in whichi
the Si*TF was varied. By comparison, there have been notably fewer
investigations relating re-Solving capabil 1t tes along scan lines to hiumlan
perf ormance. There are quite a few parameters, some butter than others,
which describe a system' a resolving capabilities in this case. These
include electronic bandwidth, limi ting resolution, and MTF. Limiting
resolution, ill theL form of electroiiic bandwidt~h, was a variable. in
studies at North Carolina State University an the Air Force Avionics
Laboratory *8 A few psychophysical inlvcutigatio1S have been1 Co"dUCtedd

2Nw,i,! I rmimitg l)evice (t'nmr Siudi. Peni p;.I .Stipihr I iluj! / in ir nin~m-P I tool Rcvir", I)\

ltariN C. K, ii ioilk 1). 1 oweiC mjid Ricliaid 1). Wjinii~. Mmity! Maiictij ( wup,i,ili-m Udud' 1 I
Ni IX, D~ecemiber 190. (NAl RAI)I V( N 1 txh Repoli o'4( -Ujs I . (hi.t, I N( I .NSSli if1))

3 SCot~t, I-tak. P'eter A. 11ilotind,i- mid Albert I Ii..1hedr~nlie -111C in~ \11P11JlL XAlo "I SJmnipled
liiiageý ,s\ a 1:I:,iriL¶til 01 ih Ntimber ot S'JIns per S:enle Ob1jetri'I( It( S( I I M"~. V!d 1-1. N"
1P)71). pp. 2i1-27.

"~ Naval Weaporiý (enter ~i.~ IMh-nlvajoy nt; Te lciiu;n hoi Rwutld A I i icY' n arid ,I li,
h~enin;wry.(hua Iik-e.( (alt. NWC Septinlelbr 11)7o3. (NW('1IP 50_51 pViticaniir UN( I AýSsFll )

SSociety fr101 tonirritoti DILsplivý llntcrruitiiind Syrm)o"mi~lr 11iJ IDiptNt IJ~ li' hii o aji
Lf.-s"d! 'I -Irge! Size, I ilgel ( uitlrat. Viewilng 111ti1ce and -a;Inu Urteuno D al) -;un;;

'I elevl~aon 1 anger Ietectilol mrid [delltitttcmuim." bty R A- fimi, r. A. (. Iittrier. J.1, mnd R t t~uun
Naval Mi.te.ile (enilci Nelk York I ewis Wirmie June IT''2.P. 14,1-1I41).

'Maitin Mar i etta Ci irpo nat on 1 'filii't At rilV/lir StuI'ildies (I 1) i'Dtiio~i'i/('pt

W~illi Threv-Dimenmein'al Targv.'is, (2) C/,anxvc% in Guianta 1(ir TV -Jisplayecd Turpgc%. by hrariki 1)
Fowler. Ct al. Orlandoti. Hi.. MM(, Januariy 11171. MOR IItnI-prbrann1N(LASSIHIL[.)

"~ North Carolina State Liniver aty, - I)prt iment of' I-lecirreal hingineering. Informnauioinl'raro
ihrotztg/ Vi~ual P'erception as' a F-unc-tion ofr .Signa f-ti'-.oixc oil a 'l'tl-h-i'sli' I)ISpli'. by lDomthy Mae
Jolinsitn Raleigh, N.(C., NCSI. , October 19711 (AD) 732-311, publicatioo UINCI ASSIFII1:I).)

8 Air Foice Avionics, Iabu at lmy. Low L~ight' Letel 7T' V iewfinder .Smunlatvtin Plrogram, Final
Report WU), hy 1), K. Iiatersdinudt anid J. M. 1Irruies. Noit Amieuncain Rockwell, Auttinetics livaisjo.
Wright Patterson Air Force lIase. Oh1io, AFA L. February 1 9691. (AlI-A*1 R-o8-363,, puiblication

CONFIDL-Xl IAL.)
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us ing the MTF or similar measures as independent variables. Two of
these studi~es 9' 10 have been conductedI in search of a single summary
measure, of image quality. Rosell and Wilison"l reported on a summary
nicas,,re. approach involving the Observer's spatial frequency-dependent
signal-to-noise requirements.

Most investigators in this field have acknowledged the complex
nature of human visual performance with E-O systems by reporting strong
interactions between independent variables and large specific target
dependences, pointing out a requirement for large-scale, multi-variate
research. OneC con1tinuing s3et Of investigit-loiis'2  is uniquely ýsiminlar
to the study described in this report, 1)011 in select toll of indepeniden~t
variables and of their level[s. The Main differenices bet-weenl rite two
studies are: (1) different target types, military vehicles versus
warships; and (2) imagery gr'nerationl technuiques, digital, processinrg of
real infrared (IR) imagery by compLute aInd pre-selt at i n by photographic.
proijection versus TV-simulated imagery put oit vidtotoape and( presented
in a cathode ray tube (CRT) displ-ay.

()Ilicc of NIval l Acc -. PI'1 gu AcqItix oiiou S\ iillmlliil. .A C'/(ll4 -I~cY~j tl' Julpf /
J'lJ/)l1, cm feign' A t (fi~lllll. Wi~ 1'f 1, "A Ulmiiiv Nlca~icl of \'ldte SvIicll Iniace Quahlt' , HImSfai I

](7' Repoii No. O(,201il. Vol. Iý ONR (ia INo) NO010)14f-71'403611, J-.lh-itloii

'" Peikiji-Ilnici0 C'lipti-iol tr. "SVAIiich lo! SlllI \1.1 MC.i,111t oI liit1ili 0Qild1Ii .'" b\ I Irank
Sfitllid !{te IliINMag'l. 1tIttIP101 Al iWt1011 Milloii mIhII, Artonal~ MeCtioiiL of iiw 01n-iw Soccis-1

oI ,\iieiic~i ini I'liladeljlla 11wit . (ctohei hI)o>. NoiN ilk. Cmtot. l'-h( . ()viulii l,)to> d'pei1c
LN(LASSII WD.).

11Officeoct Na';,!l Rcescaich aget Aqiiti yp~i 1LItf'P . t/~~~/IktiQ
fl;it'rr i on Ihgct1 A11Y/iinoit)', lot. I. -Siguial-Io-N'olW Ratio1 Illc'll1lld\ brl ImagdIe 1)CiC11uii. h(CC'4gflltltli.
Lmd( ldtettiflticiiioi.' his !iedeick A. Rosehi mird Robtbi i 1I, WriIkon. Welngiue I~ilse .111d1 Il.t'&iioiti
SysiCenis Uleilt-i BlIltiliooie. Md. I'ep~iied bN Martinmarcr (ni potai,1on. Orlaildo. I h.. NlVCth~Lh' 172
Report No, OAnoli I Vol. 1, ONR ('ormiraici No. NOV00014-724C-035(1i, piiblic-ictimi I N(I ASSI I Ill. I

1 2 Olfice ol' Naival Researc~h laI agI2 Accr1111s,10o1 Syiiposilunr ..1('ofllctzn'l o) (itihiistir,
7CchtuicaI Japenr f.'it 7Tzgct A eq//ur, 1-01 1. 'Ahle Lilceo ot I liage QIIAlii\ oil 1 agel

Rccognitlion'- by I cou G. Willlixw and (adl P. Gria, 1hneYwell Reseaircl Labs. Prepared by Martin
Mitieltta (orporatioii. Orlndo, Hai. Noveitbel 19')~. (Repent No. 1 6 2A0OI. Vol. 1, ONR oi.iiracL:
NI. NO000 14-7 2-( 0335), putihchimiti UJNCLASSIFEDIl.)
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TIIE APPR.O,)CII

EXPERIMENTAL DESIGN

This study was conducted in two parts, referred to as Experiment I
and Experiment 11. In both experiments, the subjects were presented
with TV-displayed silhouettes of warships. Thu independent variables
in these random factorial experiments were image1 size (range), image
polarity, and target-to-ol-server MTF. Each subject in Experiment I saw
all possible combinations of target, image size, and MTF three times,
with half the subjects receiving one polar-Ity and the other hu.it
receiving the opposite polarity. Each! subjectL in E"Xlperiwent 11 twice

saw all combinations of all variables, irnctudLn polariLy. There were
three levels of both image size and MTF. The design is summarized in
Figure 1. The task used as a performance measure was that of forced-
choice identification witth four possible targets. Photographs of the
four ships are shown in I igul-e 2. Appendices A through J contain
imagery photographs, confusion matricces of subjects' responses, perform-
atice curves, etc., relating to these experiments.

Li

t, -T 
1

I-M II

p• 18

EXPERIMENT 3 - kPLIII-JN5

PI BALKU f-I-)1]Vt PULARITY
l7•• " T! 1 i P 2 WHIT( POSITIVF PODLARITY

t2/ • .. j -•L_ I. SHIP tI NIG H •30'% OF DISPLAY WtDTH
12 -~2

L3U SHIP LENGTH -15% OF DISPLAY WIDTH

PI -• TFI POOR CAtdfRA TUBE BEAM FOCUS

- MTF 2  POOREST FOCUs

P2 Ak4 Io 1 
MTF 

S•J 
PORS OU

EXPERIMENT nI 2 REPETITION4S

FIGURE 1. Experimental Design.
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TARQET NO. 1 (F1 ) TARGET NO. 2 (T2)

-
TARGET NO. 3 (T3 ) TARGET NO. 4 (T4)

IIGURI; 2. Photographs of 1:1200 Scalc Model.s.

TEST PROCED"1)I URES

Experiment I

The subject sat in a darkened room in frolLt of a 9-incIh diagonal,
standard 525-line TV monitor. The viewing distance was maintained at
24 inches. As the subject examined reference photographs on a briefing

caid, which was available throughout the experiment, fie listened to a
recording of the instructions given in Appendix F. After the instruction

phase of the briefing, the subject participated in a series of practice

trials, which consisted of one complete set of target/condition combina-

tions; that is, four targets, three image sizes, and three MTF curves,
resulting in a total of 36 trials. These trials were blocked in MTF to

iaciltate ease in video recording, and were presented in two sets,

resu]tinf in six blocks of six trials each. The t•r......i"a ...-

combinations were randomly ordprcd in these trials. The actual order

given each subject was the same and is shown in Appendix G.

7
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Each practice t..ial of the first set began with a 10-sec static
display of a ship silhouette, the appearance of which was simulata-
neous with a correct, audible identification of the ship. This 10-sec
"look" was followed by a 5-sec pause, during which the TV monitor was
blank. This set of practice trials, comprising 18 trials, was 4.5 mim
long. in the second set of 18 practice trials, a buzzer signaled the
beginning of the 15-sec trials. Before the end of the 15-sec the sub-
ject was required to verbally identify the ship, as lie would have to
do in the main expuriment. Then there was all additional 5-sec "look"
in which the subject was told the correct choice, followed by another
5-sec pause preceding the next trial.

The briefing and practice trials were followed by a break of about
5 ain before the beginning of the experimental trials. The procedure
and method of presentation of the cxp'rilmeital Trials were idenitical Lo
thosc of the second set of pr)1ctIvic tlials. As before, the imagery
was blocked in MTF, resulting in thre, bJlcks of 12 trials each, one
trial for each combination of target and image size. Tile order of
presentation within the blocks, -is well as the blocks themselves, v,'s
randomized. Each subject was presented with three repetitions of the
experimental trials, each repetition with a different randomized order
of presentation. The oniy exception to complete randomization of the
experimental trials was that the first block of each repetition was
not allowed to be of the same bUFF as that of the first block of any
preceding repetition. Ech cpetiLition of 36 trrials took about 9 min
and there was a 2-min rest break between repetitions. The orders of
presentation shown to each of the: 36 subjects are given in Appendix G.

Experitnent 11

A second sec of experimental trials was conducted to provide a
better assussment of the polarity effect by elininating the confounding
between polarity and thle two subject groups. This was done by recalling
the subjects to retake the same experiment, but with the opposite
polarity. lhence, for each subject the results from Experiment I .xere
combined with the resu]ts of these additional trials and analyzed as
Experiment 11. Several days elapsed between Experiment I and the
second set of trials. The presentation order was the same as before
for each subject. Limited subject availability and an attempt to bal-
ance the experiment in terms of presentation order resulted in only
10 subjects taking part and their presenLtation orders are given in
Appendix G. Each subject began this part of the experiment with no
briefing and was presented with only the second set of practice trials
from tie videotape used in Experiment 1. lie also was presented with
only the first two of the three taped experimental repetitions. There-
fore, the results of these trials, along with the results of only the
first two of the three Experiment I repetitions, comprise the data
analyzed as Experiment 11.

8
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SUBJ ErCTS

The subjects who participated in these experiments were all men
who had been employed by the Naval Weapons Center for approximately
2 years or less. A list of these "new" employees was available and
convenient for subject procurement. All subjects were between 20 and
30 years of age and were accepted to participate in the experiment by
demonstrating binocular vision corrected to at least 20/20 on a Bausch
and Lomb "Armed Forces Vision Tester." The subjects all indicated that
they had never seen similar imagery before.

APPA ItRATU S

The equipment components used for th, leCord ing and piayback of
the warship imagery, along with their main funvtions, are listed in
Table 1, Simpli fied sCtheVmatics of the recording and p1 nyback conf igl-
rations are shown in Figures 3 and 4,

"IABI.I 1. Appiratus, )cscription ind I unclt)on.
Equipment Fun c t i on

TV Canmera System, Coio 6000 Cen,.lrate test vi deo iMage-rv

Series with Wes(tilghouse Provide polarity control
8521 VidicoLl Provide NIF control

Videotape Recorder, Ampex Record test imagery, verbal briefing,
Model 660B and buzzer signals

Play back same to subjects

TV Monitor:, Conrac Model RND9 Present test imagery to subjects
with standard 9-inch Background luminance and image contrast
diagonal display control

Oscilloscope, Tektronix Model Monitor video signal characteristics
7613 with TV Synch Separator during taping

and Plug-ins 7A1.8, 7B53A, Measure video signals during equipment
and 71111 characterization

Telephotometer, Gamma Model Monitor background luminance and image
IC2000 contrast during experiment

Microphotometer, Gamma Model Measure system MTF and SiTF during
700-10-50 with single slit equipment chara-terization
analyzer

9
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TIMLR Ll( ITS
I V MONIIDF1 OSCII t')SCOPI-

TV CAMFIHA-

7AWIIET

Vi0r0 TAIr -

FIGRUREF 3. fi udgery Rckcording ( onIihgur ijiloll

HI4II(I IN', I hIi[J

~~,Il AsJLCI T

IV NsujrIN7

IM A(.H 4lfE N IT ION AND EQUIQPMILNTI PARANMLI.RI{;

T II iI lLagrV usAd in1 1 in eXperiUIilletS C.11 bI-S I bt. LICScr lbd inl turnas
ot ilt I eIas urabit eL opt-iti iig U1d rdii C I i vi due eq ui prnivn and the
6kuomv Ir c li a Of ngu L.iiiti pl a'La ~ck- cont igui at i ons . A juta i led disc us-
siol of cILht- me tieod by Wh iii Ihe via Iots. of i magi ,sizc and MA I- wvre
SUIected IS 81Vven inl Appiend~ix J.1

Ituage Size

Image size isi dvf javd in terms Of the lVengthS of L1u ships' imdgveS
as proport ions of the active display width. Nominal vailues used in)
this VXperihllleLt Were 15, 20, Mld 30%, WhiCh Wer,2 Obt ainud by using three
diffvrew, LargetL- to-Ganim-ra diStanicesL during videotaping. Theske dimen-
sions were equivalent to actual image lengths of 1.1, 1.4, and 2.2 inches
on Lthe 7.2-inch-wide TIV monitor. A more pr`c~ise- dvscription of thec
ships' lengthis is given in Table 2. Ihf~se image lengths were geometri-
cally determined, i.e., only model size, viewing distance, display size,
camera distance, and FOY were used. Tý,bli 3 provides two more descrip-
t~ors of Uthe size of the displayed images: the number of scan lines

10
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comprising the target images and the angular subtense of the target
images to the subjects' eyes. Calculation of these data was also based
on the actual scale model lengths. The value of the MIF and the SiTF
can afiect the actual size of the displayed image a3nd this is di cussed
in Appendix 1.

TABLE, 2. Ship Inrage Lenigths by Geometric:
Detcrin mat ion.I

Nominal ship Imag,, lengths,
Target No. % of aL 1-t"y d ),p lay width

15 20 30

1 15.2 20.3 30.5

2 15.0 20.0 30.0

3 15).0 20.0 30, 0
_ 4 -- 4.) ]9.3 28.9
,t We' l-lUoSu:d,

TABI.I 3. Scma Lincs pc! ]argel hlight atid A!IglIaI S.LubICnsi 1t the I yC
iii Mint•es ol Are 'j

ll,-gtt h1cight, l a r -bIgit.a.

rhigt'ti / ; ]•nth, c i dispf, i% wi otiA

No., 1 17-, .23,4 1" 2

No. 2 1 19 6 1 87

No. 3 • 13 17 24 41 -'5 78

__ _ _ __ _ _ __ _ _ __ _ _ 5L .L 4

"aecde i n
STarget. height~s are considered to be as shown by the dashed lines.

11
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Modulation Transfer Function

The MTF of the system was controlled with the focus voltage of the
standard, 1.5-inch vidicon camera tube. Direct measurements of the
system's square--wave responses were made with square-wave bar patterns
and a scanning microphotowetcr. Since the system's SiTF was reasonably
linear, the sine wave responses (MTFs) were calculated1 3 and are shown
in Figure 5. Detailed discussions of the method employed, Its disadvan-
tages, and the resulting accuracy of the curves are given In Appendix I.

- MO,

u~~~ ~ T 111 ")

7Lj 0,4-

SJ'ATIAL I F11 WA 1 .i 4 I ý'41 PE[4 IJI¶!PL A WI[hTH

FI(;URiL 5. Systeii Modulation 1"ranstcr F:unction,

I'olarit)

Polarity change was accomplished in the Cohu camera by reversing
the output of the video amplifier and adjusting the blanking level to
maintain calibration of the videc :ignal levels. In the white-positive
mode, the system displayed a light target on a darker, 5-foot-lambert

~ ~ ~ -'j~ ~ ;;a)f1mgiiig Pi~lciic by Rcspoiise to a Sine Wave

Input," OPT SOC AMIER, J. Vol. 44, No, 6 (1954).

12
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background. In the black-positive mode, a darker target was displayed
on the same gray background. In both cases, target/background contrast
of large targets was 40% according to the definition

C T - B
B

where T is target image 1iiiinance and B is backgto'znd luminance.

Other Paramseters

Additional equipment parameters and their values, as they were
during taping and playback, are given in Table 4.

TABLIE 4. Video L-quipmcin t, ('-ncral I)escription

Cwinera:
Nominal line rate ........................................... 52
Actual displayed scan linc nainber ......................... 4 5
Video bandwidth ....................................... 32 M.iz
Interlace ................................................ 2:1
FramL/!icld ratc-;................................. 30!60 -cr sec
Sync: and blankng ............................ MA Spec. 1S-'30

Videotape recorder:
General output specifications ........ FCC Std. IIA73-3678a(6)
Video bandwidth ........................................... 3 I111
Signal-to-noise ratio .................................. .. 0U dB

Display:
Raster size ................ 7.2 inches wide x 5.4 inchUs high
Phosphor typt.. ............................................. '1
Raster I inne or en-.at io11 n. .................. 11rriZu Ltal -ISCanI- i le S
Video bandwidL. ........................................ IC ] 1ji7
DC restoration ............................ 100- sync t ip chaip

13
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I)ISCUSSION OF RESULTS

Subject performance ranged from 98% correct with the best combina-
tion of conditions to 11% with the poorest. Correct responses averaged
76% with the best MTF and 59% with the poorest, while the largest images
yielded 86% correct and the smallest images yielded 48%.

Figure 6 shows the main etfects of image size and ?'IF. Performance
improved linearly with increasing size when the MTF was poor (MTF3).
However, with tLhe best MTF, performance improved with image size at a
rate comparable to thne poorer curvu.s only up to a "'ritical" size. Fur
image lengths greater than about 20Z of the display width, performance
improved very little with increasing size. It would appear, then, that
when thu inage lengths were 20% of the display width, the ships' fea-
tutus necessary for ident~ification were dete•ctable aud for only slightly
smaller images they were much less so.

ICOC

I.

40

D",MT F 3
20 - 0 MUf3

oe I -___J_

10 15 20 25 30 35

SHIP LENGTH, 5 OF DISPLAY WIDTH

FIGURE 6. Perfonnance Versus Image Size and
MTF (Averaged Over Target and Polarity).
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Figure 7 shows the effect of polarity on performance. Against
light targets on a gray background (white-positive), the subjects
averaged 73% correct, but only 63% against dark targets on the same
background (black-positLive). The polarity effect seems to increase as
the image gets smaller and the MTF gets poorer. The data from Experi-
ment II, which was conducted to separate subject group differences from
the polarity effect, shows the polarity effect to be somewhat larger
than in Experiment I at the smaller image sizes and at the poorest
MTF (Figure 8). However, the practical. significance of this effect
seems to be small for the higher MTFs and larger images.

100sor

60~

40

20I

o WHITE POSITIVE

20 -- 0 BLACK POSITIVE
alaI I I

010 12 25 30 35
SHIP LENGTH. % OF DISPLAY WIDTH

FIGURE 7. Polarity Effect, Experiment 1.
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100

40

20

100 0 3

b so

440

4U -N T I W HI) E POSITIVE

0 HLAC9 POSITIVE

10 15 20 25 30I 31,

SHIP LENGTH, o-0 DISPLAY W[IDTH

FIGURE 8, Polarity Effect, Experiment Ii.

The results also indicated a strong specific target effect and
interactions between target and image size, as shown in Figure 9. The
average performance against each target was as follows: No, 1, 70%
correct; No. 2, 53%; No. 3, 78%; and No. 4, 68%. Table 5 gives the
confusion matrix of the subjects' responses averaged over polarity:
The on-diagonal entries in each block are the percentages of the
responses that were corecLt and the off-diagonals are the percentages
in error. It can be seen that the main target effect, indicated by
differences between the diagonal entries, was relatively large with the
poorer image qualities and much less apparent with the better images.
Graphic representation of these data is given in Figure 10.

16
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100,

9o

00

I-)

I•~~~~~ TARGET N3I] AR[ •

4

O>20 -

10

40

~ 40 - C TARMTT

20-

(J .. _ ___ ____ _ ___JI I. i________
in ;5 S 2.12 20 5 2 25 30 3.5

SHIP LENGTH. % 0F DISPLAY WIDTH
40

FIGURE 10. Image Size, MTF-Target Interactions.
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TABLE 5. Confusion Matrix (Image Size and MTF).

Subjects' responses
Targets Ship length, percent of display width

presented 30% 20% 15%

1 2 3 4 1 2 3 4 1 2 3 4

1 93 8 - - 90 5 2 4 57 14 19 11

Mr? 1
2  11 89 - - 24 73 4 1 18 31 40 12

3 2 12 87 1 5 5 86 4 5 9 79 8

4 3 8 85 - 6 12 83 3 6 24 67
I g3ý 14 - 1 75 11 9 7 35 20 21 24

MTF2
2  19 82 - - 35 42 12 11 10 28 33 28
3 - 1 97 3 7 7 83 5 12 li 60 11

4 3 2 A3 83 9 13 25 52 1 10 22 63

1 94 5 - 1 76 12 9 3 26 19 19 34

MW 3
2  19 82 - - 40 23 30 8 9 28 33 27

3 5 5 86 6 13 10 68 10 7 20 56 17

4 4 8 12/7 13 23 13 52 6 19 23 47

SUMMARY

In this forced-choice, image identification experiment subjects
were presented with TV-displayed silhouettes of four warships. The
ship images were presented one at a time, each time with a different
combination of values of image size, MTF, and polarity. Target
image lengths of 15, 20, and 30% of the active display width and
three MTF curves ranging in sine-wave response from 0.5 to 0.23 at a
spatial frequency of 15 cycles per display width were used.

The results indicate that there were strong individual target-
depenuent effects and significant two-way and even three-way
interactions between main effects. With this caution on the inter-
pretation of averaged data, the percent correct identifications
ranged between 48 and 86 for the three levels of image size, between
59 and 76 for the three MTF curves, and between 53 and 78 for the
specific target.-. Performance averaged 63% correct for dark targets
against a gray background and 73% for light targets against the
same background.

18
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APPENDIXES
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Appendix A
PIIOTOGRAPFJS OF' EXPERIMEINTIAL IMAGERY, ALL CONDITIONS
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Appendix 13

CONFUSION MATRICES: SUBJECTS' RESPONSES

TABLE B-1. Experiment 1. Confusion Matrices for Ship Discrimination
With All Combinations of Image Size, MTI, and Polarity. (Numbers

rounded off to nearest whole number.)
I macje sji ze

Targets L, (302) L2 (20%) L3 (15ý)
presented Subjects' responses, %

1 2 3 4 1 2 3 4 1 2 3 4

1 98 2 - - 82 9 4 6 48 II 30 1f

MTFI 2 13 87 - - 15 76 7 2 15 29 7 20
3 - 6 93 2 4 6 83 6 2 II 74 11

j. 4 6 9 1I 74 - 6 13 82 14 9 13 74
I 85 15 - - 69 I I 15 6 32 30 20 17

,O 2 17 83 - - 20 37 22 20 - 33 22 430 MTF2

3 - - 100 7 , - 9 13 7 50 20
4 6 4 24 67 Ii 19 22 48 - 13 20 65

1 94 6 - - 74 7 15 2 II 17 32 37

MTF 3  2 13 87 - - 24 13 54 9 2 24 28 41
3 9 9 82 - 17 9 69 6 2 26 44 28

S4 86 9 13 72 1 22 22 37 54 ] 24 52
1 87 13 - - 98 - - 2 65 1 7 7 I11

1MTF 1  2 9 91 - - 32 69 - - 20 33 43 4
3 4 17 80 - 6 4 89 2 7 6 83 4
4 - - 4 96 6 11 83 2 2 35 59
1 85 13 - 2 80 11 2 7 37 9 22 3D,

0MTF2
2  20 80 - - 50 46 2 2 20 22 43 i .03 - 2 93 6 4 9 87 - IF 17 70 2

4- - 2 98 6 7 28 56 2 7 24 61
1 94 4 - 2 78 17 2 4 41 20 6 30

2 24 76 - - 56 32 6 7 15 32 37 133 - - 89 ]1 9 11 67 13 TI 15 67 61

412 6 11 82 6 24 4 67 7 26 22 41

22



1WC TP 5633

TABLE B-2. Experiment i1. Confusion Matrices for Ship Discrimination
With All Combinations of Image Size, MTI, and Polarity. (Numbers

rounded off to nearest whole number,)
I a ý~±ize ___

Targets L (30) L2 (20%) ] _L 3 (15%)
presented Subjects' response,_

_-_ 2 3 h 1 2 3 -- 4 1 2 3 4

1 100 - - - 8$ 10 - 5 55 - 30 15

MTFI 2 10 90 - - 50 50 - - 5 10 60 25

3 - b 90 5 $ - 90 5 - 15 75 10

4 - 20 10 70 5 - 5 90 - I0 40 50

"" I 0 10 - - 55 I0 10 25 40 20 15 25

F 2 20 80 - - 25 30 30 15 - 35 35 30
SMT F 2  ~2 03 - - 1o0 - 5 5 80 010

.4 IO - 15 75 15 30 10 45 - I0 45 45

1 95 5 - 75 10 15 - 15 35 25 25

MTF3  2 35 65 - - I0 15 55 20 5 20 30 45
3 Q5 10 85 io 8- 30 55 i5

_. _4 _0 5 10 75 20 25 20 35 5 10Io 75
! 90 10 - 95 1 - 75 15 10

MTFI 2 5 95 - - 25 75 - 15 55 25 5

3 15 10 75 - 5 - 95 - 5 5 90 -

4 - - lOu 10 10 - 80 - 10 30 60
- 1 80 20 - 30 - - I0 25 10 35 30

"0 2 25 75 - 50 45 5 - 5 50 30 15inL ImTF2

3 - 95 5 5 5 30 - 5 5 85 5

- - - 100 20 5 20 55 - 5 15 80

1 90 10 - - 85 10 5 55 20 5 20

IITF3 2 10 90 - - 45 55 - 15 35 3u 20

M 3 - - 95 5 10 IO 65 15 15 15 65 5

4 5 5 10 80 5 20 5 70 - 25 30 45
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Appetidix C

I)H'AILEI) SUMMARY OF~ ANALYSE'S OF. VARIANCEK

Thie [aSic data obtained from bodi phases of tilt- experiment wc-re
SUbjeCted tu analyues oI variance: a four-way ana-lysi~s for E-'xpe!riment I

ajda fi ve-way -inalys i: So h0 'xperimenei 11.1 '1ihe su;Lbj ecLs i n Exper i-

menc t I I siw both polar ifIicen, whcere one*-h a lf the subject-s saw wh itc

po-si Live iiraw~ery Ii rst dand the c~tier half saw hi ack-pusi Live fi rst.
Thspiovi ded ter- the ii vC-wJ danalySiS ill Which tlhe poljari ty f-ffe-ct s

WeL e cjtaira tcd i r 'it any -sob] c t group dii It*relict-. s

'ilheSe nlye ic111'V ;1-4 WIIujjiiarZed ii'lal ] e IS C-] anld C-_ 2S L rj s

I raC ti on of Lit, he ini thact t he d ifi ereIc on inlelIomal related to
Liangi~'S Ill a given varil)] ort niTntli*racti(oII between part icillar variables

(all b.' expe-tctd I ruil only hic Jtti~i iiSLribution of the data
aid not. beCanUSc' 01 tht Vairi Lab chlanges or nerttio 1 tiiemolbJvcs'
L- 1.- tin ('St Iilnitc of( thet amouint- 1 V3 r jancc as cr1 bid to l'3u in a

given vai lab he or ji it*-z Li L)-,l gi V('i' 0 aS pecntg 01 tl.t- toti11

varlancIl I~~a~tr' in to (AlpCtIJitJJIL . Ie' iei Lfailvj Inl Lilt,

tbL.i's.- tlid it. I s intIcr35S~j) 1 o to note, that OitL2 s urnlacie a of thec
to L~iIV vi Alncc' at'Coa)il L (d 1Jr byv this e-st imritaor wais 43 .4ý, 1,1 Lhu four-
wv ilidlv:'js 1)01 (O~lyv'.7' ill Lilt- I iVt'-WOV iv iy . 'Jhts ýhiou1d be'
c'~j'IiiinbIle ili tcrIi1.- of t~hji tWlo iha._jor dill (ii1ii(.ik'S ill the' jatta 110111 hth

tW-., exper l' iclijs . IieL 1)0SiC11 c in it of dataL~ eS-d 1i1i The anla I V' i.. of
Val iall00e Was [lit Iiiimbel cct c or' 'ecI IVeSJPaII.es- pet bI b S c U 1)j t ;it-arg C t /'t KIT
i iLI 8 si j e-/ pu I Ar i I y c oiiib ila AOt Ion. 'Ithere!l 0ork , i n I x P,,:r i met-i it I , cae.I I
datai 1111t.n intel nlsl oldh tilt' 111yi -11di~~'L1 'VAILu 0, 1, '2, or 3; whereas

iij) L~xpcriiuet 31, only Lilte V~lues U, I , or 2 werv iossib)lu. Inl addli-
tilll, thekre. we're 30 SUb~je-cts- in; I.XI)Criffitiil I anld 'Illv 10 ill

Winci. 13. J .Staois/u l'rmI/ll'l/)' ill LxpcrziniiaI IDi'.ign. Ne.w 'York Mc(, aw-Hl l. 1 962.
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TABLE C-I. Summary of Analysis of Variance, Experiment I.
Source +

of SS df KS F ( 2A
variation

Between
subjects 88.89 35 •------ToLals - 0.5

P 9.68 1 9.68 4.15 0.05 0.5
error (p) 79.21 34 2.33

Within

sub.1e-,ts 1,335.06 1,260 - TOtLa1 S- - 42.9

L 289.43 2 144.72 185.54 0.01 21.5
PL 1.99 2 1.00 1.28

error (1) 52.97 68 0.78

m 58.47 2 29.24 63.57 0.0! 4.3
PM I 1.59 2 0.80 1.74
e r r o r ( 111) 3 1 . 3 3 6 8 0 .4 6

T 94.83 3 31.61 37..9 0.0] 6.9
P1 2 2.24 3 0.75 0. ý8
error (W) 86.66 102 0.65

LM 21.50 4 5.39 10.82 0.01 1.5
P1M 1.56 4 0.39 0.78

error (Ia) 67.66 136 0.50

LT 70.78 0 11.80 14.08 0.01 4.9
PLT 23.15 6 3.66 4.61 0.01 1.4
error (IL) 171.01 204 0.84

m'l 5L65 6 0.94 1.75 0.1 0.2

P'MT 1.34 6 0.22 U.41

error (ILL) 109.62 204 0.54

124T 26.73 12 2.23 4.48 0.01 1.6
PLMT 14.03 12 1.17 2.35 0.01 0.6
error (1mL) 202.76 408 0.50 -

J"Siglliii~WCeý IUvt .
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TABLE C-2. Summary of Analysis of Variance, Experiment i1.

Source
of SS df MS 2 %

variation

P 4.44 1 4.44 5.84 0.05 0.34
L 28.41 2 14.21 18.70 0.01 2.49
M 4.46 2 2.23 2.93 0.1 0.27
T 14.58 3 4.86 6.39 0.01 1.14
S 0.62 1 0. 62 0,82
)IL 0.89 2 0.45 0.159
I'M 0.01 2 0.01 0.01
PT 1.26 3 0.142 0. 55
PS 2.51 1 2.5] 3.3(1 0.1 0.16
LM 2.014 4 0.51 0.67 1
IA, 7.74 6 1. 29 1.70 0.1 0.29
LS 0.47 2 0. 24 0.32
MT 1.35 6 0.23 0.30
MS 0.17 2 0.09 0.12
PIS 0.,3 3 ]4 30.1
PLM 0.74 4 0. 19 0.25
IILT 2.07 6 0.35 0.46
I'i.S 0.07 2 0.04 0.05
PMT I .t)3 6 0.2/ 0. 36

I'MS 0.02 2 0.01 0.01
1"TS 0.62 3 0.21 0.28
J•X1 3.98 12 0.33 0.43
L Ks 0.32 4 0.08 0.11
LTS 0.98 6 0.1( 0.21
MIfs 0.45 0 0.0b o.11
P'LMT 5.46 12 0.4o 0.61
I'LMS 0.19 4 0.05 0. C07
]PLTS 3.44 6 0.57 0.75
]MT'S 0. 4 6 0.04 0.05
]EM'S 1.76 12 0.15 0.20
PurlS 0.91 12 0.08 0.11

W. cell
error 987.6 1,296 0.76

Total 1,079.86 1.439 L 4.69

S: subject group.5ignuificance levul.

26



NWC TP 5633

Appendix I)

DETAILED PERFORMANCE CURVES, EXPERIMENT I
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Appendix E

DETAILED PERFORMANCE CURVES, EXPERIMENT 11
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Appendix F

BRIEFING AND INSTRUCTIONS

This experiment is designed to test your ability to identify
warships by a television presentation of their silhouettes. Several
combinations of range, equipment quality, and atmospheric conditions
will be simulated. Photographs of the four slips to be used in this
experiment are provided for your reference. lhese reference photos may
be used during the course of the experiment. The photos were taken
from the television display and, with the possible exception of con-
trast, look identical to the real television imagery. Note that there
is a fairly large range of conditions, resulting in pretty clear to
very fuzzy imagery. Although your reference photos are all approxi-
mately the same size, you will see several different sizes during the
experiment. All of the ships, however, will be oriented with the
stern to the left and the bow to the right, as in the briefing photo-
graphs. This should provide for optimal comparison between tLe TV
images and your briefing photos.

The imagery will be presented at 15-second intervals, comprised
of a 10-second "look" time and a 5-second pause before the next ship
appears. You may make your identification at any time during the
15 seconds. Please respond in a clear, audible voice with the reply
number I, number 2, number 3, or number 4, with the number corresponding
with the ship identified.

Although you may use any identification cues you wish, your perform-
ance will probably benefit from the following observations. (One) Except
for the fuzziest conditions, a distinction can be made between the first
two ships and the last two in your briefing photos. The first two ships
exhibit a definite break or separation between the forward and rear
sections of the superstructure. The hanpe of thp superstructures'
images for the last two ships, however, Is basically triangular with
much less visible irregularity. (Two) Distinguishing ship number 1
from ship number 2 is a bit more difficult. The most apparent differ-
ence, even under the most fuzzy conditions, is the relatively larger,
more massive stern of ship number 1. (Three) The main difference
between number 3 and number 4 is the location of the highest point in
their superstructures. The superstructure of number 3 peaks directly
amidship. The superstructure of number 4 peaks more toward the forward
section of the ship.
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Before the actual experiment begins, you will be afforded the
opportunity to develop your comparison and identification techniques.
There will be two groups of practice trials. In group number 1, you
will be given the correct identification as each ship appears on the
display. This will take approximately 5 minutes. In the second group
of practice tri.als, which will take about 8 minutes, you are to respond
as you will in the main experiment with a clear, audible reply identi-
fying each ship. For your benefit, during the group 2 practice trials,
you will be allowed a second look at each ship after the 15-second
trial in which you've made your identification. This "second look,"
during which you will be given the correct choice, will be 5 seconds
long and will be followed by another 5-second pause preceding the n1ext
trial.

Remember, even though you have a limited time in which to respond,
the emphasis is on correct identification and your response time will
not be measured. The complete experiment will take about 45 minutes,
within which there will be several short rest periods.

Three additional instructions: (One) During the experiment, this
buzzer [a buzzer sounds] will sound as each ship appears. (Two) Do not
touch the display controls. (Three) Try to keep your forehead next to
the positioning bar.

There will be a brief pause now, during which you may ask questions
on those points you have not fully understood.
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Appendix G

DETAILED PRESENTATION ORDER

Each subject in Experiment I received three sets of trials, referred
to as repetition 1, repetition 2, and repetition 3 in that order. Each
repetition contained a complete set of trials; i.e., all possible combi-
nations of image size, MTF, and specific target. With three levels of
both image size and MTF and four targets, each repetition contained
36 trials. Subjects 1 through 18 saw imagery of black-positive polarity
and subjects 19 through 36 saw imagery of white-positive polarity.

Since calibration procedures for the video equipment were somewhat
complex, the 36 trials in each repetition were blocked into groups
according to MTF. The orders of presentation within each of these nine
groups (3 MTFs times 3 repetitions) were then randomized and are given
for each group in Table G-1. The orders of presentation of the groups
to each subject are given in 'fable G-2. The only exception to randomi-
zation of the block presentation is that the first group of any repeti-
tion was not allowed to have the same MTF as the first group of any
prior repetition.

The presentation order for the additional trials required by each
subject participating in Experiment II were the same as in the first two
trials of Experiment 1. The subjects who participated in Experiment I1
were numbers 1, 4, 6, 14, 17, 20, 21, 29, 32, and 35. The presentation
order of the practice trials was the same for all subjects and is given
in Table G-3.

TABLE (-I. Experiment 1, Randomized Order Within Blocks, According to
Repetition Number.

BLOCK DESICNATION

TRIAL REPETITION 1 REPETITION 2 REPETITION 3

NO.,-_ _ ___ _ _IM iM IM. 2M "2M'2-1 2M3 3M 1  3M2  3M 3

M1 L 3 T 2  M.L 2 T 2  M 3 L 3 T 4  MI L 3 T 4  M2 L 3 T 3  M 3 L2 T 3  MIL2T 2 M2LTI M3L2T2

2 M 1ILTJ M 2 L2T3  M 3 L 2 T 3  M L 2 T 4  M 2 L 2 T
3  M 3 L 1 T 4  MIL 1 T2 M 2 L

1 T 4  IV'3 L2 T1

3 M 1 L 3 T 3  M2 LIT 1  M 3 L2 T 4  MILT 1  M 2 L 3 T 2  M 3 L 1 T 2  M 1 L 2 T 1  M 2 L 1 T 3  M3L 3 T 3

4 MET LIT3 M2LET M 3 L 2 TI MEITL ME2L 3 T MLT M1L3T3 M2LET2 M3LT

5 ML3 T4 M2 L3 T4 M3 L31 
1 L 2 T1  M 2 L 3 T 1  M 3 L2 T

4  M 1 L
2 T 4  M

2 L 3 TI M 3 L3 T
1

6 MILIT2 M2t.2T1 M3 L 3 T 2  M1 L1 T 2  M 2 L 2 T 4  M3 L 3 T 3  M1L 2 T3 M 2 L 2 TI M3 L 1 T 3

7 MI L 2 T 2 M IT M 3 LIT 1  M1 L 2 T
2  M 2 L

2 T 2  M3 LQT2  M 1 L 3 T 2  M
2 L 2 T 2  M3 L-1 T 4

8 MtL 1T
4  M 2 L 3 T 1  M3 L 1 T 2  MI L-3 T1  M2 L 1 T 4  M3 L 3 T 2  MIL3T4  M 2 L 3 T 2  M3 1.T 2

9 M 1 L1 TI M 2 L 2 T 4  M3 L 3 T 3  M
1 L 1 T 4  M 2 L2 T

1  M3 L 1 T 1  MIL 1 T 3  M 2 L 3 T 4  M3 L 3 T 4

10 M 1 L2 T 4  M 2 L 3 T 3  M 3 L 2 T 2  M1 L3 T 3  M 2 L 1 T 1  M3 L 1 T 3  M1 L 1 T 4  M
2 1 3 T 3  M 3 L2 T

4

11 IM1L 2 T M L312 A3LlI MIL -1 N12LI T3 -•L3 .. .I1T -2T i3LT

12 M I.TI ME2LT M L T M T MELT M LT MLTI MELT ME23T
1 ML3TM1 3 1 2 2 M3 L T 4  M 1 L 3 21 M

3 L
2 T1 1 T1 223 3 T
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TABLF G-2. Experiment I, Presentation Order
of Blocks.

SUBJ REPETLTION I REPETITION 2 REPETITION 3
NO IST 2NO 3RD 4TH 5TH 6TH 7TH 8TH 9TH
t&19 1M 2 1M2 1M3  2M 3M 1 2M2  3M 2 3M1 3M 3

2& 20 IM1  1M 3 1M2 2M 2 2M 3 2M1  3M3 3Mt 3M2
3&2t 1M 1 1M2 1M3  2M 3 2M1 2M3 J 3M 3M 3 3M1
4&22 1M2 1M3 1MI 2M1 2M3  M12 3M 3 3M 1 3M2

5&23 1M3 1M3  1M 2M2 2M 3 ?MI 3M1 3M3 3M2
6&24 1M1 1 M3 1M 2  2 3M1 2 M3  3M3 3M 1 3M.,
7&25 1 M3 1MI Itm2 2M 2M2 2MM 3M2 3M 3 3M1
8&26 1MI IM3 IM2 2M3 2M2 2M, 3M2 3M 3 3M1
9&27 1M1 IM 3  M 2 2M 3 2M2 2MI 3M2 3MI 3M3

10&28 IM2 1M3 IM1  2M 3 ?M32 2M 3M1 3M 3 3M3
11&29 iN 2 Im3 IM1  2M1 2M 2 2M, 3M3 3M1 3M7
123&30 I1M I M 3 1M2 3M3 2 3M 2M 3  3M 3 3M2 3M1
13431 .M2 IN3 1M1  2M 3 2M1  2M3  3M 1 3M3 3M31 3 3 M 2  ,M3  3M3 3M3  2MI

15&33 1 M2  I m3 1M1 31M1 2M 3 2M2  3M 3 3M 2 3Mi

16&34 IN3 1M2 1M 1  2M32 M1 2M 3  3M, 3M 3M,2
17&35 IM3 1M1 I• M2 2 2M 3 2M 1  3M, 3M 3 3M 218&16 N1m 1M2 1M 3  3 M3 2 M 2 2M, 3M2 3M1 3M 3

TABLE G-3. Order of Practice Trials (Experiment i).
GfiOUP I GROUP 2

IRIA[ NO. CONIIII ON THIAL NO CONDITION

1 M1  t. 2 T2 19 MI L2'r4

2 MN LtI 720 M1  L3T2

3 M1  LIT 4  21 M! LIT3

4 M1  [ 3 T1  22 mNI 1 21"I

ml L3%3 23 NM I 1 T,

6 M1  L2T 3  24 M, L3T4

7 M2 I 3T3 21 M2 L.T3

8 MN Lill 26 N 2 L2T 1

9 M2 L2T 4  27 M2 L1 T4

10 M2 12" 28 3 2 L IT2

I1 M2 L 1T3 29 N2 L3 T4

12 M2 L3T2 30 M2 L3T1

13 M3  I2Te 31 M3  L2T3

14 M3  t 1 T2 32 M3 aL 3 T3

15 M3  L3 T1  33 m3  LI 1 1

16 M 3  LIT 3  34 M3  L2T 1

17 M3  L3 T4  35 M3  LIT 4
18 I M

3  L2T. 1 36 M3 11L3T
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Appendix H
BREIFING CARDS, REFERENCE PHOTOGRAPHS

• • .- • _
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Appendix I

IMAGERY CHARACTERIZATION-ADDITIONAL COMMENTS

A comprehensive description of the "1resolving" capabilities of a
contrast-limited imaging system should be given by its optical transfer
function or its line spread response curve. However, the only informa-
tion lost by employing solely an MTF curve--which is easier to measure--
is the effect of any phase distortion as a function of spatial frequency.
An examination of test imagery generated by the television system,
degraded as it was during the experiment, revealed that any phase
shifts--which for the television system would take place in the video
tape recorder--were imperceptible. Therefore, only the MTF of the
system was measured.

Actually, owing to the nonavailability of sine wave bar patterns,
the square-wave responses of the system's components were measured.
The system had a reasonably linear response over the ranges of inputs
and outputs encountered in the experiment. Therefore, a satisfactorily
accurate determination of MTF (sine-wave response) was made by calcu-
lating the sine-wave responses of the system's components from the
measured square-wave responses. These were then multiplied together
to get the system's sine-wave response. This procedure was followed
to obtain each of the three curves in Figure 5.

To check this procedure, the system's square-wave response curves
were calculated from the component-derived sine-wave response curves
for the system and compared with directly-measured square-wave response
curves for the system. This comparison revealed insignificant
differences.

For the component-derived calculations, the camera inputs and out-
puts were measured at five spatial frequencies between 3 and 26.5 cycles
per display width. The camera inputs were measured with a spot-
telephotometer and its outputs were measured with an oscilloscope.
Inputs to both the video tape recorder and the TV monitor were provided,
at six frequencies between 0.5 and 4.2 MHz, by an electronic TV test
pattern generator. The tape recorder was played back and the video
signals were measured with an oscilloscope, while the TV monitor output
was measured with a slit-masked micrephotometer. The direct measure-
ment of the system square-wave responses involved photometric measure-
ments of the camera inputs, while videotaping, and the TV monitor out-
polts, while playing back the videuoaped bar patterns. The system
square-wave responses, calculated from component-derived data, are
given in Figure I-i.
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FIGURE i-1. System Square-Wave Response (Calculated Via ('ornponcnt Square-Wave
Response and Sine-Wave/Square-Wave Response Transformations).

The MTF of Lne system was controlled with the focus adjustment of
the electron beam in the TV camera tube, a standard I 1/2-inch vidicon.
This method of MTF control did have some rather inconveniencing dis-
advantages, which were discovered during the taping of the ship imagery.
The focus control. on the camera control unit adjusts the potential on
one of a series of grids in the camera tube. However, the beam's focus,
as well as other tube parameters that may depend mainly on the potential
of a particular grid, really are influenced by the total array of
different potentials the beam passes through. In the present case, for
example, the blanking level was partially a function of the focus knob
setting. Another inconvenieice was the interaction between the magnetic
deflection fields and the electrostatic/magnetic focusing fields. When
the beam was defocused to produce the MTF curves of Figure 5, the
picture being disi'layed would rotate up to 12 degrees. The camera
had to be tilted to compensate for this.
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For reasons not understood, the video equipment produced higher
MTiF curves for black-poLsitive imagery titan for white-positive imagery.
This effect is also shown in Figure 1-1. Ihis effect was not compen-
sated for, since It was not known Until. after the experiment had been
complet~ed. Compensation for thiis counfoundedness should act in such a
way as to increase, rather than decrease, the significance of the experi-
miental results.

Fortunately, both comiponent and total system signal transfer
funct~ions were measured. Illie video tape recorder input le-ve-l control
was not properly readjusted prior to recording the black-positive gray
scales, Which le~ft this secti on of- Oti t apt*L useless for the determina-
t 'on Of ti1e bla;ck-pucs.'iti yeSignal transfer functi On. Hiowever , Wi. ti data
taken troiu a cameura/monito~r configuration, Llte individual component- data,
anid tihe asswuilptlionll tat tue vi deo tapu re iiidur MiTF wai 11) t a furict ion
Of p)ola~i Ly, it was po~ssible to) calcul~ate tti' 1)1acjk-po(.si tiV': MiF1F fuor
thev systemi, whitIchi iL H potte~d in Figure_ 1-2. *A best htas L-srjuarts power
curve fitLu ti the WitiL Lt.-i)O ilV Sill data or01 Liii' SYStLt1 was uised in
theILse .aiulJa~iiuns. litis cu:'ve also) is situwit iii Figulre J-2 aogwithl
tite whitit-pasi itIvn dat a points . 1It sIhun d be' no ted tint, iver- thie
rugi on of i tpu t I evuj IS colt Lai iin lt l in d-i tt~Kisa iei IIes s I e

11nItar fit to t he data wais *tis good aý iliti I)W r cur-Ve fil- S hOWK)

I; - ioflIIVf K"

LI fl I -_ _ 1~l~ ,

CAMERA IN" (001t it, ((AlA

FIGCURE 1-2. Systein Signal IFransler ettu1ction1 With FocuseISd (nimera and All
Other Par-ameters as Were Used in the Eixperimients. ( *Black-positive data was
lost on the videotape. necessiat ins' calculation of thc: bkc-ostv urveZ ijroni,
signal transfer data of the system' Is components. Curve fit to data Was mnade,
with) vy aWL.)
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It was mentioned in the section on image size that, strictly
speaking, image size was also a function of MTF and SiTF. As a measure
of the size change due to changes in MTF, a measurement of ship image
length was made on the face of a TV monitor. The active display width
was 7.2 inches. Table I-1 shows the results of this comparison, where
the entries are shown both as absolute measurements and as proportions
of the active display width.

TABLE 1-1. Displayed Ship Image Lengths.
Target L1 (30%) L2 (20%) L3 (15%)
number MTFIj MTF2 MTF3 MTF7 RTF2 MTF3 MTFI MTF 2  MTF 3

1, 2, 2 . 2a 2.3 2.5 1,6 1.6 1.8 1.1 1.1 1.2
and 3 (31)b (32) (35) (22) (22) (25) (15) (15) (17)

4 2.1 2.2 2.4 1.4 1.4 1.6 1.0 1.0 1.1
(29) (31) (33) (19) (19) (22) (14) (14) (15)

Note: Accuracy of measurements limited by fuzzy edges of target
images.

a Top entry is measured ship image length in inches.
b Bottom entry is ship image length expressed as percent of display

width.

Although the SiTF was not an independent variable, separate from
polarity, it is an important parameter to document, since, as mentioned
before, image size can also be a function of the SiTF. The effect that
the SiTF has on apparent image size is, in general, confounded with
polarity. However, since the system used in this experiment had an
approximately linear response, these two effects would be independent
of one another. The effect that a nonlinear SiTF has on image size
is rarely considered to be important, if considered at all, because
imaging systems are usually designed with relatively good MTFs and,
hence, spatially small luminance transition regions defining target
edges. However, even with a high-quality system other parameters such
as aLmospheric conditions can cause large transition regions. In these
cases, a superlinear SiTF will "compress the blacks" to make dark
targets appear larger and light ones smaller, and a sublinear SiTF
will "compress the whites" and result in the opposite effect.
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Appendix J
VARIABLE LEVEL SELECTION

The particular values of image size and MTF used in this study
were chosen by means of a pilot experiment and a visual examination
of videotaped FLIR imagery. The first step involved a subjective
analysis of videotaped warship imagery, taken by A-6C TRIM-equipped
aircraft in the Mediterranean. For the range of image quality on
these videotapes, the analysis determined that, with the level of
briefing to be given the subjects, a high correct identification
rate could be attained when the ship image lengths were between 15
and 30% of the horizontal display width. Therefore, image lengths
for the study we-e chosen to be 15, 20, and 30% of the display
width.

The second step consisted of a pilot experiment in which MTF
and display contrast were varied until the subjects were performing
with correct identification rates from 25% (chance level) to almost
100%. By this procedure, the MTF curves in Figure 5 were chosen
and the large-target/background contrast was chosen to be 40%. For
the chosen image sizes, very little to no internal detail was visible
in the A-6C TRIM-generated target images. Therefore, only silhou-
ettes were produced in the TV imagery.
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